Introduction
Wine represents an application of a traditional biotechnology known for thousands of years. It is now a very important worldwide aspect of food culture, having spread from the Mediterranean basin countries to other emerging producers, such as the United States, Chile, Australia and South Africa.
The chemical composition of the grapes is subjected to deep changes during the biotechnological processing into wine [1] . The wine composition profile is obtained by the progressive alcoholic extraction of grape components, usually with maceration for red-skinned and not for whiteskinned grape varieties.
Wine is known for its healthy properties, if appropriately assumed. These properties are strictly related to polyphenols, known as antioxidants, able to scavenge free radicals produced by oxygen catabolism or fatty acid peroxidation [2, 3] .
Many studies have been made to identify the active compounds of wine antioxidant action, both on whole extracts and separately on its polyphenol classes, such as anthocyanins, flavones, stilbenes, cinnamates and phenolic acids [4] [5] [6] [7] [8] [9] [10] [11] .
The common opinion is that the free radical scavenging capacity of grape and wine extracts is related to its polyphenol content, mainly located in the grape skin [12] [13] [14] [15] [16] .
It has been found that phenols show different rankings of reactivity with different antioxidant assays [17] [18] [19] . In addition, some studies on the antioxidant potential of grape extracts found that the use of different tests gave different responses, not directly correlated with the polyphenolic content of wine. For example, the activity of grape components against hydroxyl radicals, one of the most harmful free radicals generated as an oxygen byproduct, showed that the activity of grape extracts was poorly related to polyphenol content. A previous work by Lo Scalzo et al . [20] demonstrated that the comparison of two different antioxidant assays, such as DPPH and hydroxyl radical scavenging, resulted in a strong difference between grape skin and flesh extracts. The scavenging activity of DPPH was higher in grape skin than flesh, as was expected in accordance with their significantly different phenol content. The activity against hydroxyl radicals did not give the same result: the hydroxyl radical scavenging was about the same between the grape skin and flesh extracts. The experiment was repeated on table grape samples [21] , by comparing three antioxidant assays: DPPH, Fremy's salt, and hydroxyl radical scavenging on grape skin and flesh extracts. The results were confirmed as previously described, with the indices of DPPH and Fremy's salt scavenging yielding higher results in skin than flesh, with no difference for hydroxyl radical scavenging. Furthermore, the grape extracts were fractionated by solid phase extraction on C 18 , and the result was that the activity against DPPH and Fremy's salt was found in the polyphenol-enriched fraction, while most of the activity against hydroxyl radical was in the fractions poor in polyphenols. These results were confirmed unexpectedly in vivo, where experimental rats were divided into three groups, two separately fed with grape skin or flesh, and the third used as a control, fed without grape supplementation. The interesting result was that the two groups separately fed with grape skin and flesh were equally cardioprotected with respect to the control group [22] .
At this point, the identification of the compounds responsible for the antioxidant activity in wine grapes has become the most relevant question, starting with the most abundant grape compounds, such as simple sugars and organic acids. Previous experiments [23, 24] demonstrated that
• OH could be scavenged by simple sugars, with disaccharides more active than monosaccharides [25] , and also that organic acids can act as antioxidants [26, 27] .
Many types of grape are destined to become wine and the logical continuation of these studies is to shift previous considerations of grapes to wine, so the aim of the present study was to investigate the role of polyphenols in the antioxidant capacities of different wine samples before and after fractionation.
Experimental Procedures

Rationale of the experiment
Different red and white wines made from ten grape varieties (Vitis vinifera L.) were evaporated to subtract the volatile and ethanolic fraction and re-solubilized in phosphate buffer to give the unfractionated (UN) samples. An aliquot of UN was fractionated on C 18 , obtaining two fractions: FR1, the directly eluted fraction deprived of polyphenols, containing the non-phenolic hydrophilic compounds, mainly hydroxy acids, glycerin and residual simple sugars; and FR2, the retained fraction eluted with MeOH, with practically all the polyphenols present in the original wine sample.
UN, FR1 and FR2 samples were analyzed and compared for their content in hydroxy acids such as tartaric, malic, lactic and succinic; for glycerin, glucose and fructose; and for total polyphenols index (Table 1) .
Three free radical scavenging tests against the main Reactive Oxygen Species (ROS) on the different fractions of red and white wines were also performed. The scavenging of peroxyl radicals was evaluated with the fluorescein quenching by a peroxyl radical generated by thermal degradation of an azo-bis-compound, well known as the ORAC test (Oxygen Radical Absorbance Capacity). Superoxide anion (SASC) and hydroxyl radical scavenging (HRSC) were measured by 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) spintrap reaction and electronic paramagnetic resonance detection, respectively.
Winemaking and sampling
Wine samples were obtained from the experimental wine cellar of the CRA-ENC, Research Unit for the Enology of Central Italy, Velletri (Rome). 10 wine samples were obtained from the winemaking of single certified grape varieties (red: 1 Abbuoto, 2 Bombino nero, 3 Marzemino, 4 Montepulciano, 5 Petit verdot, 6 Refosco dal peduncolo rosso, 7 Teroldego; white: 8 Bombino bianco, 9 Greco, 10 Malvasia del Lazio), harvested in the experimental vineyard of the CRA-ENC during the 2007 season, and processed according to established protocols. Red grapes (about 100 kg) were destemmed and crushed. The must was treated with 6 g/hL of potassium metabisulfite and inoculated with 20 g/hL of Saccharomyces cerevisiae r.f. uvarum strain S6u (LALLEMAND Inc 151 Skyway Avenue Rexdale, Ontario M9W 4Z5). Fermentation temperature was 25°C, the maceration time of skins was 10 days. White grapes (about 100 kg) were destemmed, crushed, and 10 g/hL of potassium metabisulfite was added. After clarification, musts were racked and inoculated with 25 g/hL of of Saccharomyces cerevisiae r.f. uvarum, strain S6u. Fermentation took place in 100-L stainless steel tanks at 18°C. At the end of alcoholic fermentation (residual sugars <3.0 g/L), wines were racked with 6 g/hL of potassium metabisulfite, cold stabilized for two months at 10°C, bottled and kept in a wine cellar at 14-15°C for 6 months.
Three bottles of wine were randomly selected for the analysis: two aliquots of about 100 mL were taken from each bottle. 10 mL of each aliquot was evaporated to dryness in a centrifugal evaporator at 2-4°C temperature. The residue from one aliquot was buffered to the original volume with cold (2-4°C) phosphate buffer 0.1 M, pH 7.4 (PBS) and successively 4-fold diluted with cold H 2 O to obtain the unfractionated (UN) samples, which were then centrifuged in Eppendorff tubes (20000×g, 5 minutes) and supernatants were stored at -80°C before analysis. Samples from the second aliquot remained undiluted, to be used for the fractionation.
The evaporation in the vacuum completely eliminated the sulphur dioxide, both free and combined as checked by titration with iodine in presence of a starch-water indicator, following the rapid method of Ripper-Schmitt [28] .
Fractionation
1 mL of undiluted buffered wine sample was placed on a C 18 column (ICN Silica RP 18, 32-63 μm, 25 mm height, 9 mm internal diameter), previously conditioned with PBS 0.025 M, and eluted at 0.5 mL/min. The column was three times rinsed with 1 mL of H 2 O, the rinsing solvent was pooled to the eluate and constituted the samples named FR1. Successively, the column was eluted with 1 mL of MeOH for 4 times, the eluates pooled and evaporated to dryness, taken to a 4 mL volume with cold PBS 0.025 M, pH 7.4 to constitute the samples named FR2. Fractions, exactly diluted as UN samples, were centrifuged as before and stored at -80°C until analysis.
Total polyphenols index
The UN, FR1 and FR2 wine extracts were assayed for polyphenols by the Folin-Ciocalteu reaction, according to the protocol proposed by Benherlal and Arumughan [29] , with some modifications: 0.1 mL of each sample was diluted with 2 mL water in a 5 mL flask, then was treated with 0.3 mL of Folin-Ciocalteu reagent and mixed well. After 5 min at room temperature, the mixture was treated with 0.6 mL of Na 2 CO 3 20% solution in water, kept to a final volume of 5 mL, and placed for 1 hr in the dark. After the complete reaction time, the absorbance values of the solutions were read at 730 nm in 1 cm cuvettes against a blank of the same composition as the wine's extraction solution.
Results were expressed as mg/100 mL, after calibration with solutions of gallic acid treated in the same way as the samples. The analyses were repeated twice.
Hydroxy acids and glycerin
Hydroxy acids, glycerin, glucose and fructose content of wine extracts were measured by HPLC with a JASCO system equipped with a diode array and refractive index detectors (MD-910 JASCO, RI-930). The pump (PU-980 JASCO) was coupled with a ternary gradient unit (LG-1580-02 JASCO). The analytical data were evaluated using a software-management system of chromatographic data (ChromNAV, Jasco). The methods proposed and validated by Caccamo et al., [30] and by Lòpez-Tamames et al., [31] , were followed with slight modifications.
For hydroxy acids, the separation was carried out on an Inertsil ODS-3 column of 5 μm particle diameter and 0.46×25 cm dimension. The elution was carried out at 30°C with H 3 PO 4 0.02 M in water as mobile phase at 0.6 mL/min. The detection was spectrophotometrically made at 214 nm. Samples (1 mL) were filtered on C 18 support (ICN Silica RP 18, 32-63 μm, 5 mm height, 9 mm internal diameter) and 5-fold diluted with the mobile phase before injection (20 μl). Tartaric, malic, lactic and succinic acid solutions were used as external standards (retention times 6.4, 7.7, 9.8 and 16.7 min, respectively), and the results were expressed as mg/100 mL. The analyses were repeated twice.
For glucose, fructose and glycerin, separation was done with a CarboSep Coregel 87C carbohydrate column with a 0.78×30 cm bed packed with a cationexchange resin in the Ca 2+ ionic form. The mobile phase was water at 0.7 mL/min, the elution was performed at 85°C, and the signals were revealed by a refractive index detector. Samples were 20-fold diluted with mobile phase before injection (10 μl). Glucose, fructose and glycerin solutions were used as external standards (retention times 10.1, 12.4 and 16.8 min) and the results were expressed as mg/100 mL for glucose and fructose and as g/L for glycerin. The analyses were repeated twice.
The analyte concentrations were calculated from the experimental peak areas by analytical interpolation in a standard calibration curve for each compound.
Peroxyl radical test (ORAC)
The method was performed as described by Ou et al., [32] with some modifications. The measurements were carried out on a Wallac 1420 Victor II 96 well plate reader (EG & Wallac, Turku, Finland) with a fluorescence filter (excitation 485 nm, emission 535 nm). Fluorescein (116 nM) was the target molecule for free radical attack from 2,2'-Azobis-2-Amidinopropane (AAPH) (153 mM) as the peroxyl radical generator. The reaction was conducted at 37°C with Trolox (1 µM) as the control standard and phosphate buffer (pH 7.0) as the blank.
All solutions were freshly prepared prior to analysis. All samples were diluted with phosphate buffer (1:25-100, v/v) and results were reported as an amount of Trolox (6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid), an analogue of vitamin E, after data interpolation with a calibration made with model solutions at known concentration. Hence, the scavenging activity was expressed as mM Trolox equivalents. The correlation data (rxy) were calculated by simple linear regression.
EPR scavenging tests
Ferrous sulphate heptahydrate (FeSO 4 . 7H 2 O) was purchased from Fluka Chemie AG (Switzerland). All other chemicals used were from Sigma-Aldrich (US). For each dissolution or dilution, phosphate buffer solutions (PBS) and all other solutions were previously deprived of O 2 by bubbling with pure N 2 .
The methods for the scavenging evaluation of superoxide anion (
, SASC) and hydroxyl (
• OH, HRSC) radicals are performed by the Electronic Paramagnetic Resonance Spectroscopy (EPR) by DMPO-spin trap of the two free radicals. The EPR apparatus was a Miniscope MS200 equipped with a probe for a quartz capillary tube of 100 mm length and 1.3 mm internal diameter to place the reaction solution. The EPR spectra identities were validated by referring the spectral data to a control solution consisting of a 0.05 mM DPPH
• in benzene with spectra constants described in literature [33] . The percent scavenger activity of each tested compound or mixed solution was expressed as the following formula:
where I was the scavenger activity, h o and h x were the heights of the same EPR signals in a reaction mixture without (h o ) and with (h x ) the scavenger solution, respectively.
The scavenging activity was expressed as mM equivalents of Trolox, as previously reported for the ORAC test. The correlation data (rxy) were calculated by simple linear regression.
2.7.1
•
O 2 -test (SASC)
This test followed the recommendations described in previous studies [34, 35] , with some modifications. The • O 2 -was generated in a freshly prepared 15.0 mM solution of KO 2 , complexing K + with an equimolecular amount of 18-crown-6-ether in anhydrous dimethylsulphoxide (DMSO) and trapped with 50 mM of 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) dissolved in PBS 0.1M pH 7.4. The experimental conditions were: field set, 3350 G; scan range, 150 G; scan time, 2 min; modulation amplitude, 1000 mG; microwave attenuation 5 dB; receiver gain, 8×10
2 . The resultant 5.6 mM DMPO-• OOH was registered after exactly 1 minute reaction at 25°C, obtaining a spectrum consisting of a quadruplet, with 1:1.1.1 relative intensities, whose spectral constants were close to previous literature findings (g=2.00616, a n =1.38 mT, a h a =1.11 mT, a h b =0.08 mT). For the measurement, the reference solution without the scavenging compound contained: 0.3 mL of 50 mM DMPO in PBS 0.1 M; 0.2 mL of PBS 0.02M; 0.3 mL of 15 mM KO 2 in DMSO.
The solution with the test scavenging compound contained: 0.3 mL of of 50 mM DMPO in PBS 0.1 M; 0.2 mL of wine extract 20-fold diluted; 0.3 mL of 15 mM KO 2 in DMSO. Each assay was repeated three times.
2.7.2
•
OH test (HRSC)
Active oxygen species, such as hydroxyl radicals (
• OH), are formed through a one-electron reduction of hydrogen peroxide (H 2 O 2 ). The • OH is generated by a process known as redox cycling or Fenton reaction, and is catalysed by a transition metal such as Fe 2+ :
The 2 mM hydroxyl radical produced in the Fenton reaction solution was then trapped by DMPO, following an already validated methodology [25, 35] . The resultant adduct DMPO-
• OH, consisting in a quadruplet with 1:2:2:1 relative intensities had spectral constants close to the literature (g=2.0055, a n =1.49 mT, a h =1.47 mT) and was registered after 1 minute reaction at 25°C. The instrumental constants were as follows: field set, 3350 G; scan range, 100 G; scan time, 1 min; modulation amplitude, 3000 mG; microwave attenuation 20 dB; receiver gain, 1×10 2 . For
• OH measurement, the solution without the scavenging compounds contained: 0.1 mL of PBS; 0.1 mL of PBS 5-fold diluted; 0.1 mL of 10mM Fe-EDTA in PBS; 0.1 mL of 50 mM DMPO in PBS; 0.1 mL of 10 mM H 2 O 2 in PBS.
The sample with the test scavenging compound contained: 0.1 mL of PBS; 0.1 mL of wine extract 5-fold diluted; 0.1 mL of 10 mM Fe-EDTA in PBS; 0.1 mL of 50 mM DMPO in PBS; 0.1 mL of H 2 O 2 in PBS. Each assay was repeated three times.
Contribution of single compounds to antioxidant data
Gallic acid solutions were used as the standard of wine polyphenols, and all other compounds were separately analyzed: tartaric, malic, lactic and succinic acids; glucose, fructose and glycerin.
Stock solutions of gallic acid, glycerin, tartaric acid, malic acid, lactic acid, succinic acid, glucose and fructose (100 mM) were made in PBS 0.025 M, subsequently diluted in the same solutions as the wine extracts, and assayed with the three ROS scavenging tests, ORAC, SASC and HRSC with exactly the same methodology used for wine samples.
Oxygen radicals scavenging data (% scavenging with respect to the control, fixed at 0% activity, see previous formula) were expressed, as for previous wine samples, as Trolox equivalents (mM) and have been plotted against concentrations of single compounds and linearly forced to straight lines. The respective equations represented the reactivity of the assayed compounds: the higher the slope or angle coefficient, the higher its activity ( Table 2 ). The minimum R 2 value obtained was 0.85.
Results and Discussion
Chemical composition
The organic acid profile of wine ( Table 1) was elucidated by measuring the four main hydroxy acids of wine, two of which are already present in grapes -tartaric and malic acid -and two which result from fermentation -lactic and succinic acid. A low presence of malic acid corresponded to a higher presence of lactic, indicating that malolactic fermentation had occurred. This was evident in four samples of red wines: 3, 4, 5 and 6. By contrast, sample 7, Teroldego, showed low values of both malic and lactic acids. The tartaric acid amount was higher in UN white wines (average 402.4 mg/100 mL) compared to the 178.6 mg/100 mL found in UN red wines. The quantity of succinic acid was lower than previously evaluated for the other acids: in red wines, it averaged 24.4 mg/100 mL, with the maximum in sample 6. In white wines it had an average of 27.9 mg/100 mL, with the highest value in sample 9 ( Table 1) . The fractionation process indicated the presence of hydroxy acids only in FR1. The amount of tartaric acid in UN did not significantly vary from that of FR1 (average of red wines was 178.0 and of white was 406.4 mg/100 mL). Only traces of tartaric acid were shown in FR2, due to the higher amount with respect to the other assayed acids. The amount of malic, lactic and succinic acid did not significantly differ between UN and FR1, whereas in FR2 these acids were completely absent.
The amounts of glucose and fructose were very low. The average glucose and fructose contents were 20.1 and 59.2 mg/100 mL in red wines; and 57.9 and 88.3 mg/100 mL in white wines, respectively.
The most prevalent organic compound in wine except for ethanol is glycerin. It averaged (Table 1) 12.6 g/L in UN red and 10.3 g/L in UN white wines, peaking at 17.5 g/L in "Teroldego" wine. The high level of glycerine in this variety might be explained by the late ripening stage of the grape, with the lowest amount of malic acid (Table 1) , yielding a high amount of simple sugars. Hence, it could be supposed that the glycerol-pyruvic fermentation, transforming the sugars into glycerin at the initial stage of the winemaking process, triggers the production of high glycerin levels [36] .
After fractionation, glucose, fructose and glycerin were exclusively found in FR1, with no significant difference in UN samples.
Total Polyphenols Index, measured by FolinCiocalteu reaction showed (Table 1 ) a higher amount in UN red (average 184.7 mg/100 mL) than UN white wines (26.4 mg/100 mL). The highest value was in "Refosco" (323.6 mg/100 mL), while "Greco" showed the highest value for UN white wine samples (31.0 mg /100 mL). The lowest value was found in "Bombino bianco" with an amount of 23.7 mg/100 mL. The above mentioned polyphenols amount are in good accordance with those found in the literature for the same varieties [37] [38] [39] .
The fractionation on C 18 -SPE resulted in an almost exclusive presence of polyphenols in FR2, with no statistical difference between UN and FR2, respectively. The only varieties with a significant difference between UN and FR2 were "Bombino nero", "Refosco" and "Greco". However, the average values resulted in a lack of significance between UN and FR2, while FR1 showed negligible values of polyphenols, significantly lower than in UN and FR2, yielding an average recovery of 6.7% for red and 14.8% for white wines.
ROS scavenging
As expected, the antioxidant capacity (Figure 1 ) measured by the ORAC test was higher in UN red wine than UN white wine extracts, averaging 120.3 mM Trolox eq. and 41.3 mM Trolox eq., respectively. The highest value was in "Marzemino" (136.3 mM Trolox eq.), while the lowest was in "Bombino bianco" (38.1 mM Trolox eq.). The peroxyl scavenging indices found in previous works resulted in a strong variability [40] [41] [42] . This concern might be due to the different sample historyvery significant for wines -where the technological variables are important. As an example, in the present work, the complete absence of sulphur dioxide due to the sample preparation provided a strong difference: this compound has demonstrated a significant role in the oxygen consumption capacity of wine samples [43] . However, the difference between the activity of red and white wines was in good accordance with previous results [40] , also consistent with a high correlation with the polyphenol content (see after) [41] . After fractionation, the ORAC activity was found almost exclusively in all FR2 extracts (phenolics), with average values of 94.8 and 65.1 mM Trolox eq. for red and white wine samples, respectively. The average percent recovery of ORAC activity in FR2 from red wines was 85%. On the other hand, the FR2 values of white wines were significantly higher than UN samples (Figure 1) , possibly due to the positive effect of the partial extract purification in FR2, resulting in a significantly higher value in FR2 than UN in the average data. A very small fraction of the ORAC activity was present in FR1 (non-phenolic fraction), 8.8 and 3.6 mM Trolox eq. in red and white wines, corresponding to 7.9 and 8.7% of the ORAC values in UN red and white wines, respectively. For each grape variety, the differences between FR1 and other extracts was significant in all analyzed samples.
In regard to · O 2 -scavenging (SASC), a total 80-fold dilution was achieved to significantly quench 5.6 mM · O 2 -in 1 minute at 25°C. The SASC activity was significantly higher in UN red (average 4.4 mM Trolox eq.) than in UN white wines (average 1.1 mM Trolox eq.) as showed in Figure 1 . The highest value was found in "Refosco" (5.38 mM Trolox eq.); the lowest one was in "Bombino bianco" (0.71 mM Trolox eq.), confirming their performances already found for total polyphenols. In red wines, FR2 values were close to UN ones (4.3 mM Trolox eq.), without significant differences, while significantly lower values were found in FR1 extracts (0.6 mM Trolox eq.). White wines showed different results: FR1 and FR2 average values (1.4 and 1.2 mM Trolox eq., respectively) were similar with no significant differences between the two fractions and the unfractionated sample. In fact, the percent of SASC calculated on the values of UN samples was 13.6% for FR1 and 97.7% for FR2 in red wines, while in white wines the FR1 and FR2 values were equally divided.
A high regression value (rxy=0.93, n=60) was found between total polyphenols amount and ORAC data. Moreover, the simple regression between the SASC assay and the measured chemical indices of the wine were close to linearity for total polyphenols (rxy=0.90, n=60). No other measured chemical parameter was found to be significantly correlated either with ORAC or SASC activity.
The scavenging data against • OH (HRSC) returned completely different results from those found using ORAC and SASC (Figure 1) . First, a 20-fold dilution was necessary to obtain a significant quenching of 2 mM
• OH after 1 minute reaction at 25°C, resembling the different reactivity between SASC and HRSC found by Garcia-Alonso et al. [19] : the reactivity of superoxide scavengers is considered higher than that of hydroxyl radicals, because a lower amount of scavengers are needed to obtain the same scavenging index during the same time of reaction. The activity differences between red and white wines were not evident as shown before for the previous assays; the average was 1.8 mM Trolox eq. for both UN wine types. The highest value was found in "Marzemino", while the lowest was in "Petit verdot", (2.4 and 1.1 mM Trolox eq., respectively). It has to be pointed out that literature data about HRSC by wine often disagreed with those presented here, with high values and great sample dilutions with respect to those used in the present study [44, 45] . The possible cause is that ethanol, demonstrated to be a hydroxyl radical scavenger [46] has been included in the scavenging calculation: where the ethanol has not been considered [45, 47] , the data are in good accordance with those of the present work.
The most important aspect of the HRSC assays was that the activity of FR1 samples was always significantly higher than FR2 and close to UN samples, an inverse situation with respect to ORAC and SASC profiles. The samples "Abbuoto", "Refosco", "Bombino bianco" and "Malvasia", resulted in a significant difference in scavenging index between UN and FR1 extract: this fact could be due to the wide range of compounds active against
• OH. The FR1 indices however, were never similar to FR2 values, which remained very low.
The FR1 contribution to the scavenging value in red wines was 94.4%, while the average value of white wines was slightly higher than UN samples, with no statistical difference. FR2 contribution was much lower: 16.7% in red and 5.6% in white wines. In fact, no linearity was found with polyphenols (rxy=-0.17, n=60), while high regression values were found for glycerin (rxy=0.85, n=60), succinic acid (rxy=0.82, n=60) and fructose (rxy=0.76, n=60). Other hydroxy acids correlated with HRSC to a lower extent, but with positive values, 0.73 and 0.56 for tartaric and malic acids, respectively. The scarce linearity of HRSC with polyphenol amount has been also discussed by Arnous et al., [44] and Makris et al. [48] , reinforcing the present findings.
As for the comparison between the different tests, a high rxy value (0.90, n=60) was found between ORAC and SASC, while other combinations gave low values (ORAC vs HRSC rxy=-0.35, n=60; SASC vs HRSC rxy=-0.24, n=60).
Contribution of single compounds to antioxidant data
The rankings of reactivity for gallic acid and Trolox in the three ROS scavenging tests returned results similar to those found in previous studies on similar compounds [17, 29, 49, 50] . The reactivity profile for ORAC, SASC and HRSC tests ( Table 2) was measured by comparing each compound with Trolox as calibrant. Gallic acid was 33.8-fold more reactive than Trolox, being about 440 times more reactive than the average of other compounds. The hydroxy acids had very low values, and slightly higher reactivity values were found for glycerin, glucose and fructose. As for SASC, (Table 2) , gallic acid stood out for its scavenging strength, with a similar ranking of ORAC-28.8-fold more reactive than Trolox, showing a strong accordance with the findings of Tabart et al., [51] , who reported a relative index of reactivity of 24.9. Other compounds gave low (glycerin, glucose and fructose) or negative (hydroxy acids) values. These negative values were due to the increased production of spintrap adduct with hydroperoxyl radical (HO 2 · ) formation given by the presence of acid sources in the reaction solutions. In short, gallic acid was about 2700-fold more reactive than the average of the other compounds.
The reactivity slopes of single compounds for the HRSC assay (Table 2) showed a high activity for Trolox, with gallic acid 2.5-fold less reactive. The reactivity of gallic acid versus other compounds was much less than that found in ORAC and SASC tests. Gallic acid was only 6.5 times more reactive than the average of other compounds; hydroxy acids being slightly more reactive than glycerin and simple sugars.
A theoretical scavenging index (Table 3) was calculated by the single contributions from the concentrations of the measured chemicals in UN wines. The theoretical scavenging values were close to the real measured values only for HRSC data, with higher average values for red wine samples with respect to white ones. The ratio between the theoretical value and the actual measured one was 1.5 for red and 1.1 for white wines (Table 3) , so demonstrating that the measured chemical profile of wine could explain its antioxidant potential against
• OH. Instead, the average SASC and ORAC data were much higher than the real measured values, with a higher ratio in red than in white wines ( Table 3 ). The ratio between theoretical and calculated values was higher for red wine samples in both SASC and ORAC assays (average 6.4) compared to white wine extracts (average 3.1). This discrepancy was probably due to the use of a single compound such as gallic acid simulating that it was the only phenolic wine component, and it is evident that the situation is far more complex than is described here.
A percent contribution was evaluated for each single class of measured compounds compared to the overall theoretical scavenging activity. The contribution of the phytochemicals measured in wine to the ORAC response was almost completely due to the polyphenols, with a higher value for red samples (96.9%) than white ones (83.0%). All other compounds gave very low indices, except for glycerin, which contributed 13.4% to the antioxidant capacity of white wines.
For SASC, the activity was largely due to the polyphenols (99.8 and 99.5% in red and white wines, respectively); there was only a low contribution from glycerin (0.4 and 2.5%), yet it was still higher than other components. Hydroxy acids generally gave negative responses.
As for HRSC, the situation completely changed: in red wines the response was mainly due to glycerin (51.5%) and polyphenols (29.9%); tartaric, malic and lactic acids having an average value of about 5%; succinic acid, glucose and fructose being around 1%. In white wines, glycerin showed the highest contribution (60.8%); then tartaric acid (18.7%) and a low contribution of polyphenols (6.2%), followed by other components. This fact could be explained by the significant reactivity of hydroxy acids and glycerin if compared to gallic acid towards
• OH. In the other two ROS scavenging tests, hydroxy acids and glycerin were much less reactive than gallic acid against the assayed ROS.
The very different reactivity among various free radicals is in accordance with previous findings: some anthocyanins, selected for superoxide and hydroxyl scavenging by an EPR approach, resulted in a very different ranking of activity towards the two free radicals. Malvidines showed the highest reactivity towards superoxide anions, while delphinidines had the best score against hydroxyl radicals [19] . On the other hand, a close relationship was found between the antioxidant capacity of selected vegetables measured by fluorimetry on ROO
• and • OH [52] . It is evident that the type of molecular probe used in the assay plays a crucial role in the antioxidant measurement.
Conclusions
It is our opinion that peroxyl, superoxide anion and hydroxyl radical assays have to be considered together in the evaluation of the total antioxidant profile of a food product. They are relevant in the onset and etiology of many diseases (a check on PubMed gave 934, 2907 Table 3 . Average theoric scavenging activity (mM Trolox equivalents) and % contribution to the total antioxidant capacity (peroxyl radical, ORAC; superoxide anion, SASC; hydroxyl radical HRSC) calculated by the calibration of each measured substance, using gallic acid as standard for total polyphenols. The column "measured" represents the actual measured values, calculated from the averages of UN samples of red and white wines. and 81 results for "hydroxyl radical", "superoxide anion", "peroxyl radical", and "disease", respectively). This fact was already stated by Ou et al., [32] who affirmed: "However, the ORAC assay cannot be considered a total antioxidant activity assay to elucidate a full profile of antioxidant activity against various ROS/RNS, such as • O 2 -,
• OH and NO • , the development of different methods specific for each ROS/RNS is needed."
Peroxyl and superoxide anion scavenging had a similar trend and gave a high reciprocal correlation value. Moreover, the total polyphenol index of wine extracts strongly correlated with peroxyl and superoxide scavenging.
The present study, however, demonstrated that hydroxyl radicals can be effectively scavenged by wine compounds other than polyphenols. The antioxidant action of wine found for
•
OH fit with what was previously found in grape extracts [21] .
The reason for this particular behaviour of hydroxyl radical can be found in its very strong reactivity, close to the diffusion rate, so the present results are in accordance with a previous review by Halliwell et al., [53] , dealing with the characterization of antioxidants, : affirming that sugars -often present in relevant amount in foods -can be effective scavengers of hydroxyl radicals.
The present work has tried to quantify the reciprocal action of wine components against different ROS. Many different chemical species other than the polyphenol fraction are found in raw plant extracts; this study emphasized the protective action of such compounds against oxygen radicals. In the case of wine, there is a very different reactivity of wine components towards different types of ROS, and it should be underlined the non-exclusive contribution of polyphenols as traditionally considered antioxidants. A role of the scavenging of • OH and also, to a lesser extent, a significant scavenging of ROO
• in white wines has been attributed to the contribution of glycerin.
